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TRANSMISSION-REFLECTION TYPE LIQUID CRYSTAL DISPLAY DEVICE 
HAVING A LIGHT TRANSMITTING REGION IN A REFLECTING FILM 

BACKGROUND OF T WT! TNVENT I ON 

Field of the Invention: 

The present invention relates to a liquid crystal 
display device, and more particularly to a reflection type 
liquid crystal display device that can also function as a 
transmission type device. 



Q Description of Relat ed Art: 

. 3:-: 

yf A liquid crystal display device (LCD) is widely used as 

% a planar display device for a variety of portable computers 

* 10 and portable televisions . 

3 Liquid crystal display devices are classified into two 

p types according to their use of a light source. One type is 

H a transmission type liquid crystal display device, which 

m uses a backlight provided on the back face of a liquid 

§ 15 crystal panel ■ as a light source. The other type is a 

reflection type liquid crystal display device, which uses an 
external light source such as sunlight or an indoor lamp. 

It is difficult to decrease the volume, weight and 
power consumption of a transmission type LCD because of the 
20 presence of the backlight which is used as a light source. 
For a reflection type liquid crystal display device, the 
volume, weight and power consumption are low, because, the 
reflection device need not use the backlight. However, if 
an external environment is dark, the reflection type liquid 
25 crystal display device cannot be used. 
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SUMMARY OF THF INVENTION 

In order to overcome the problems of the related art, 
an object of the present invention is to provide a 
transmission-reflection type liquid crsytal display device 
which can be driven as a reflection type as well as 
transmission type. 

In order to achieve the object, a transmission- 
reflection type liquid crsytal display device according to 
an aspect of the present invention includes a first 
transparent substrate; a second transparent substrate; a 
liquid crystal layer between the first transparent substrate 
and the second transparent substrate; a linear polarizer on 
the second transparent substrate; a circular polarizer on an 
outer side of the first transparent substrate; .and a 
reflecting film on an inner side of the first transparent 
substrate adjacent to the liquid crystal layer, the 
reflecting film defining a light -transmitting region. 

A tansmission-reflection type liquid crystal display 
device according to another aspect of the present invention 
includes a plurality of gate lines and data lines defining a 
plurality of pixels; a transistor in each pixel, a gate of 
which is connected to a gate line and a second terminal of 
which is connected to a data line; a reflecting film formed 
in each pixel and connected to a third terminal of the 
transistor in each pixel, wherein a light -transmitting 
region through which light may pass exists between the gate 
line and the reflecting film, in each pixel. 

A liquid crystal display device capable of transmitting 
light from a backlight and reflecting ambient light 
according to another aspect of the present invention 
includes a lower transparent substrate; an upper transparent 
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substrate; a liquid crystal layer between the lower 
transparent substrate and the upper transparent substrate; a 
linear polarizer on the upper transparent substrate; a X/4 
phase shift plate between the linear polarizer and the 
liquid crystal layer; a circular polarizer below the lower 
transparent substrate; and a reflecting film for reflecting 
ambient light on the lower transparent substrate adjacent to 
the liquid crystal layer, the reflecting film defining a 
light-transmitting region for transmitting light from the 
backlight . 

A liquid crystal display device capable of 
transmitting light from a backlight and reflecting light 
from a front of the device according to still another aspect 
of the invention includes a polarizing layer; a phase 
shifting layer adjacent to the polarizing layer; a 
reflecting layer to reflect light from the front of the 
device, the reflecting film at least partially defining a 
light-transmitting region through which light from the 
backlight may pass; and a liquid crystal layer between the 
phase shifting layer and the reflecting layer. 



RPTRF DEF ^ TPTTQN <")P THE DRAWINGS 
Fig.l is a sectional view showing a transmission- 
reflection type liquid crystal display device according to 
the present invention. 

Fig. 2A and Fig. 2B show the progress of light, when 
the transmission-reflection type liquid crystal display 
device according to the present invention acts as a 
reflection type display. 
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Fig. 3A and Fig. 3B show the progress of light, when 
the transmission-reflection type liquid crystal display 
device according to the present invention acts as a 
transmission type display. 

Fig. 4 is a plan view showing an electrode structure of 
the liquid crystal display device according to the present 
invention . 

Fig. 5 is a plan view showing an electrode structure of 
the liquid crystal display device according to the 
conventional art. 



nBTATT.KD DESrPTPTTON ^ T TJVENT I ON 

Hereinafter, a transmission-reflection type liquid 
crystal display device according to the present invention is 
described in detail referring to the drawings. 

As shown in Fig. 1, a liquid crsytal display device 
according to the present invention includes a first 
transparent substrate 2 and a second transparent substrate 6 
where a plurality of pixel regions are defined. A liquid 
crystal layer 4 is located between the first transparent 
substrate 2 and the second transparent substrate 6. A 
linear polarizer 8 and a A./4 phase shift plate 7 (X is a/ 
wavelength of light) are provided on an external side of the 
second transparent substrate 6. A filter layer 5 and a 
transparent common electrode 10 are provided on the inner 
side of the second transparent substrate 6. A right-handed 
cholesteric liquid crystal left-handed circular polarizer 1 
also is provided on the outer side of the first transparent 
substrate 2. The polarizer 1 makes visible light form left- 
handed circular polarization. A reflecting film 3 is 
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provided on the inner side of the first transparent 
substrate 2 . 

The reflecting film 3 is formed from a metal layer such 
as aluminum (Al) , which is laminated on the first 
transparent substrate 2 and then patterned. Also the 
reflecting film 3 is formed on every pixel region. Although 
not illustrated in Fig. 1, the reflecting film 3 is 
electrically insulated from a reflecting layer of other 
pixel regions. The reflecting film 3 also is connected to a 
thin film transistor (TFT, not shown in the drawing) formed 
in every pixel region of the first transparent substrate 2. 
Thus, the reflecting film 3 functions as a pixel electrode. 

The thin film transistor functions as a switching 
element which transmits a pixel voltage to the reflecting 
film 3 . When a pixel voltage is transmitted to the 
reflecting film 3, the pixel voltage is across the liquid 
crystal layer 4 situated between the reflecting film 3 and a 
transparent common electrode 10. The arrangement of liquid 
crystal molecules in layer 4 is controlled by the pixel 
voltage. A light -transmit ting region 9, through which a 
light can be transmitted, is formed on every pixel region of 
the first transparent substrate 2. This light -transmitting 
region 9 may be a cavity or a solid transparent material. 
The reflecting film 3 is formed in the entire pixel region 
except for the light-transmitting region 9. The plural pixel 
regions are defined by multiple gate lines and data 
lines (not shown in drawings) which intersect each other on 
the first transparent substrate 2 . 

The right-handed cholesteric liquid crystal left-handed 
circular polarizer 1 includes a right-handed cholesteric 
liquid crystal having a pitch p=A./n, where X is a visible 
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wavelength, and n is an average index of refraction of an 
extraordinary ray and an ordinary ray. That is, the 
cholesteric liquid crystal includes all pitches in a range 
of (380nm~800nm) /n. Also, only a right-handed circularly 
polarized visible component is reflected, and the other 
components are transmitted through the circular polarizer 1. 
In other words, the left-handed circular polarizer 1 only 
transmits left-handed circularly polarized components of 

incident light. 

The liquid crystal layer 4 is oriented to introduce a 
phase shift of X/4 to visible light which passes through the 
liquid crystal layer 4 when there is no voltage across the 
layer. The orientaion of the liquid crystal is determined 
by the two orientation layers (not shown in drawings) which 
are adjacent to respective upper and lower faces of the 
liquid crystal layer 4. 

In order to introduce a phase shift of X/4 to light, 
the X/4 plate 7 has an interval angle of 4 5° between a slow 
axis in the plate and a polarization axis (direction of 
linear polarizaion) of a linear polarizer. 

When the liquid crystal display device according to the 
present invention is operated as a reflection type device, 
its operation is described referring to Fig. 2A and Fig. ,2B; 
and a progressing direction of a light is shown on the 
basis of an observer confronting with the second transparent 
substrate 6 in the drawing. 

When a pixel voltage is not connected to the reflecting 
film 3, as shown in Fig. 2A, only components with a 
polarization axis parallel to tht of linear polarizer 8 in 
the incident rays pass inward through the linear polarizer 
8. The linearly polarized light passes through the A./4 
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plate 7 and becomes right-handed circular polarized. Then 
the right-handed circularly polarized light passes through 
the liquid crystal layer 4 and becomes linearly polarized 
perpendicularly to the polarization axis of the linear 
polarizer 8. This light then infringes on the reflecting 
film 3. The linearly polarized light reflected from the 
reflecting film 3 passes through the liquid crystal layer 4 
and becomes right-handed circular polarized. Then the light 
passes through the X/4 plate 7 and becomes linearly 
polarized in a parallel direction to polarization axis of 
the linear polarizer 8 . Therefore, the light -passes outward 
through the linear polarizer 8 just as it is, so that a 
bright image (e.g., white) is displayed. Other colors of 
light may be .displayed, depending on the location along the 

15 color filter 5,. 

When a pixel voltage is connected to the reflecting 
film, as shown in Fig. 2B, only components with a 
polarization axis parallel to the linear polarizer 8 in the 
incident rays pass inward through the linear polarizer 8. 
The linearly polarized light passes through the X/4 plate 7 
and becomes right-handed circular polarized. Then the 
right-handed circularly polarized light passes through the 
liquid crystal layer 4 without change. Such light infringes 
oh the reflecting film 3. The right-handed circularly 
polarized light striking the reflecting film 3 is reflected 
and is changed to a left-handed circular polarization. Such 
light passes through the liquid crystal layer 4 without 
change. The light passes through the X/4 plate 7 and 
becomes linearly polarized having a perpendicular direction 
30 to the polarization axis of the linear polarizer 8. 
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Therefore, the light does not pass out through the linear 
polarizer 8, and a dark image(e.g., black) is displayed. 

When the liquid crystal display device according to the 
present invention is operated as a transmission type, such 
operation is described referring to the Fig. 3A and Fig. 3B. 
A progressing direction of a light is shown on the basis of 
an observer confronting with the second transparent 
substrate 6 in the drawing. 

When a pixel voltage is not impressed on the reflecting 
film 3, as shown in Fig. 3A, light generated from a 
backlight (not shown in drawings), which is provided 
confronting the left-handed circular polarizer 1, enters the 
left-handed circular polarizer 1. Only the left-handed 
circularly polarized components of the visible light pass 
through the left-handed circular polarizer 1. The left- 
handed circularly polarized light also passes through the 
light-transmitting region 9 and then passes through the 
liquid crystal layer 4, thereby becoming linearly polarized 
in a perpendicular direction to the polarization axis of the 
linear polarizer 8. The linearly polarized light then passes 
through the A./4 plate 7 to become left-handed circular 
polarized, and only linearly polarized components having a 
direction parallel to a polarization axis of a linear 
polarizer 8 in the left-handed circularly polarized light 
passes through the linear polarizer 8 . As a result, bright 
image (e.g., white) is displayed. 

When a pixel voltage is impressed on the reflecting 
film 3, as shown in Fig. 3B, light generated from the 
backlight enters the left-handed circular polarizer 1. Only 
the left-handed circularly polarized components of the 
visible light pass through the left-handed circular 
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polarizer 1. Further, the left-handed circularly polarized 
light passes through the light- transmitting region 9, and 
then passes through the liquid crystal layer 4 unchanged. 
The light also passes through the A./4 plate 7, to become 
5 linearly polarized in a perpendicular direction to the 

polarization axis of the linear polarizer 8. Therefore, the 
light is intercepted by the linear polarizer 8 so that dark 
image (e.g., black) is displayed. 

Fig. 4 is a planar view showing an electrode structure 
10 which is provided on the first transparent substrate 2 of 
P Fig. 1. Only one complete pixel region is represented for 

ease of description. A common region between two adjacent 
gate lines 25 and two adjacent data lines 24 represents one 
pixel region, 

15 The reflecting film 3 is connected to a drain electrode 

23 of a thin film transistor. A gate electrode 22 of the 
thin film transistor is connected to the gate line 25, and a 
source electrode 21 of the thin, film transistor is connected 
to a data line 24. 
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By contrast, in the conventional rfef lection type liquid 
crystal display device shown in Fig. 5/ the reflecting film 
36 overlaps with the every inner edge/of the gate line 25 
and the data line 24, in order to fotm a storage 
capacitance. In the Fig. 5, element/ having the same 
structure as elements shown in Fig/ 4 are represented by the 
same reference numbers, and further description thereof is 
omitted. In this conventional case, although not illustrated 
in the drawing, the gate line/25 and the data line 24 are 
insulated from each other b/ an insulating layer provided 
between the gate line and/the data line. The data line 24 
and the reflecting film>3 are insulated from each other by 
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an insulating layer provided between the data line and the 



reflecting film. 



But in the present invention shown in Fig. 4, in order 
to form the light-transmitting region 9 represented by a 
gap, the edges of the lower side and the right side of the 
reflecting film 3 (adjacent gate line 25 and data line 24) 
have regular gaps to prevent adjacent films 3 from 
contacting each other. Also, in order to form a storage 
capacitance, the edges of the upper side and the left side 
in the reflecting film 3 overlap with the greater part of 
the gate line 25 and the data line 24. 

The transmission-reflection type liquid crystal display 
device according to the present invention can be driven as a 
transmission type or reflection type display by the 
selection of users, depending on an external environment. 

Different embodiments of this invention may be made 
without departing from the spirit and scope thereof, it is 
to be understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims. 



